F
rontal sinus fractures can be a source of significant morbidity. These fractures tend to occur in high-energy mechanisms of injury [1] [2] [3] [4] and have significant association with intracranial injuries, 2,4,5 cervical spine injuries, 6, 7 and other truncal or extremity injuries. 8 Fractures of the posterior table can be accompanied with dural tears, increasing risk to intracranial infection. Management of frontal sinus fractures involving the posterior table is, therefore, a balance between the morbidity of surgical intervention and the morbidity of injury-related sequelae, such as infection or mucocele.
Current recommendations in the facial trauma literature are to perform cranialization in cases of significant posterior table comminution, displacement, or persistent cerebrospinal fluid leak. 3,4,8 -11 This procedure involves removing the posterior table of the frontal sinus, restoring dural continuity, removing all of the sinus-forming mucosa, incorporating the sinus space into the intracranial space, and providing a vascularized layer between the dura and the fracture to help seal the dural leak. 10, 11 Cranialization, however, is a morbid procedure requiring a craniotomy and neurosurgical expertise. There is currently a paucity of data assessing outcomes of nonoperative management of posterior table fractures of the frontal sinus. Surgeons at our institution have historically favored conservative management of frontal sinus posterior wall fractures despite the presence of comminution, displacement, or cerebrospinal fluid leaks. This study reviews clinical outcomes of frontal sinus fractures involving the posterior table treated without cranialization.
PATIENTS AND METHODS
Indiana University Institutional Review Board approval was obtained before performing this study. We performed a 10-year retrospective review of all frontal sinus fractures treated at an adult level-1 trauma center. Patients with frontal sinus fractures were identified by International Classification of Diseases-9 codes. Our trauma database and hospital records were reviewed for information on demographics, mechanism of injury, severity of injury, concomitant injuries, injuryrelated sequelae, interventions, follow-up, and outcomes. We recorded the presence and duration of cerebrospinal fluid leaks and any operative or nonoperative measures undertaken to treat the leaks. The diagnosis of a cerebrospinal fluid leak was made by a neurosurgeon in all cases. We classified open reduction and internal fixation with sinus preservation, obliteration, and cranialization as operative interventions and all other therapeutic interventions measures as nonoperative, including lumbar drains, ventriculostomy, medical measures to reduce intracranial pressure, and observation. Nonoperative intervention and conservative therapy are terms used interchangeably in our study. Patients were included if there was adequate database and chart information and if there was a computed tomography scan on record confirming a frontal sinus fracture. Patients were excluded if they died within the first 48 hours of their admission from causes other than their frontal sinus injury. All computed tomography scans were reviewed independently by two craniofacial surgeons who confirmed the diagnosis and characterized the fracture pattern. Comminution was defined as having more than one fracture fragment, and displacement was defined as having greater than one table width's of displacement at any fracture line. Data were compiled, and statistical analysis was performed using Microsoft Excel (Redmond, Wash.).
RESULTS
A total of 875 patients with frontal sinus fractures were identified over a 10-year period, 68 of whom had fractures involving the posterior table. Nine of these patients died within the first 48 hours from injuries not attributable to the frontal sinus. The remaining 59 patients all had adequate information in the database, charts, and radiographic image repository for analysis and inclusion in the study. All patients were treated in our institution without transfer to another institution. The mean follow-up period approached 1 year (342 days); 67 percent of our patient population had a follow-up or greater than 3 weeks. Table 1 describes our study population. The average age was 35 years, the population was predominantly male (90 percent), and the mechanism of injury was varied, with blunt interpersonal violence (29 percent) and motor vehicle accidents (19 percent) . Intracranial infections were rare, occurring in only one patient (2 percent)-the aforementioned 26-year-old man who died 10 days following his intracranial gunshot wound. Table 3 provides more details of patient management as related to fracture pattern. All patients with noncomminuted and nondisplaced fractures were successfully treated without cranialization (one patient underwent open reduction and internal fixation of the anterior table, and one underwent sinus obliteration due to significant nasofrontal outflow tract involvement). Patients with comminuted or displaced fractures underwent operative treatment in less than half of cases (41 percent) but cranialization in only one of those cases. This single patient had an open comminuted fracture associated with an epidural hematoma, and this prompted his cranialization procedure. The remainder of those with comminuted or displaced fractures were successfully treated nonoperatively (mean follow-up, 230 days). Thus, almost all patients (98 percent) with posterior table fractures were successfully managed without cranialization.
Cerebrospinal fluid leaks through the anterior skull base were documented in 11 cases (19 percent), as summarized in Table 4 . The majority (n ϭ 7) of cerebrospinal fluid leaks occurred in patients with comminuted or displaced fractures. Of these seven patients, three were successfully treated nonoperatively: their cerebrospinal fluid leaks resolved spontaneously within 2 to 10 days, and they had no long-term complications at an average follow-up of 101 days. The other four patients with comminuted or displaced fractures and cerebrospinal fluid leak underwent operative management, and their cerebrospinal fluid leaks resolved in 1 to 4 days. Two patients underwent open reduction and internal fixation (one of whom was our lone mortality), and two underwent obliteration. There were no long-term complications, with a mean follow-up of 111 days. There were four patients with noncomminuted and nondisplaced fractures who developed cerebrospinal fluid leaks. Three of these four patients were managed nonoperatively and experienced resolution of their cerebrospinal fluid leak within 1 to 10 days without complication (mean follow-up 159 days), whereas the other patient underwent obliteration due to nasofrontal outflow tract involvement with resolution of their cerebrospinal fluid leak within 4 days (follow-up, 86 days). We repeat that no patient with a cerebrospinal fluid leak underwent cranialization.
A detailed summary of the management and outcomes of all patients in the study is outlined in Figure 1 . Of the 59 patients with posterior table frontal sinus fractures, 32 had nondisplaced and noncomminuted fractures. None of the 32 patients underwent cranialization, and there were no major complications relating to their posterior table injury despite four cases of cerebrospinal fluid leaks. The other 27 patients had fractures that were displaced, comminuted, or both. Twenty of these patients had no documented cerebrospinal fluid leaks; one underwent successful cranializa- Volume 130, Number 2 • Frontal Sinus Posterior Table Fractures tion without complication at 40 days of follow-up, whereas the remaining 19 were treated without cranialization and had no major complications, with a mean follow-up of 297 days. There were seven patients with displaced or comminuted posterior table fractures who had cerebrospinal fluid leaks; however, none underwent cranialization. There were no major complications among these seven patients, with a mean follow-up of 92 days. Overall, patients with comminuted or displaced fractures were treated without cranialization in the overwhelming majority of cases (96 percent), irrespective of the presence or absence of cerebrospinal fluid leaks. This treatment strategy led to no major complications, excluding the single death resulting from an intracranial gunshot wound.
DISCUSSION
Fractures of the frontal sinus pose a significant risk of morbidity due to their propensity for highenergy mechanisms and their direct anatomic relationship to the intracranial space and skull base. Morbidity of these injuries is related to associated intracranial injuries, intracranial exposure to the external environment, and frontal sinus drainage disruption. Methods of treatment have evolved in an attempt to mitigate intracranial complications, frontal sinus drainage complications, and mucocele formation. Fractures involving the posterior table especially have the propensity to disrupt the dural barrier between the intracranial space and external environment or sinuses. Thus, recommendations in the setting of posterior table fractures with significant comminution, displacement, or prolonged cerebrospinal fluid leaks have been to cranialize the frontal sinus. 3,4,8 -11 A critical analysis of these recommendations, however, reveals that they are based on case series that are now decades old.
The cranialization procedure was originally indicated for high-energy, open, comminuted fractures of the anterior and posterior table in which the posterior table bones were damaged to a degree whereby reconstruction was impossible and the brain was exposed and visible in the wound. 10, 12 The procedure involved stripping of the sinus mucosa, burring the remaining bone to eliminate invaginations of mucosal lining along the channels of Brechet, removing the entire posterior table, obliterating the nasofrontal ducts, and allowing the anterior lobe to expand into the space previously occupied by the frontal sinus, thus "cranializing" the frontal sinus space. The 
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seminal case series of the procedure 10 demonstrates the surgery to be effective at reducing intracranial morbidity both in the early and late postoperative periods. There are, however, several features of this article and others published subsequently that limit their applicability today. The mechanisms of injury were predominantly motor vehicle accidents that occurred in a time period before the standardization of safety belts and air bags. Thus, the severity of injury was extreme: the overall mortality was 25 percent, 42 percent had presenting Glasgow Coma Scores of 8 or less, and 80 percent had severe through-and-through penetrating injuries leading to a diffuse zone of injury that created soft-tissue loss, extensive bony comminution, open intracranial parenchymal violation, and tissue necrosis extending into the brain. 10 Other older case series have similar injury patterns; however, the current injury pattern of frontal sinus fractures has significantly changed. The truly "pulverized" posterior table with direct open injury to the underlying brain parenchyma is less commonly seen today, partly due to improved motor traffic safety measures. More commonly, today's posterior table fractures are the result of high-energy blunt trauma, be it through belt-restrained or air-bag-protected motor vehicle collisions or interpersonal violence. 13 Overall, the contribution of motor vehicle accidents to the etiology of the injury has decreased, 2,4,6,10 there are fewer fractures with posterior table involvement, 4, 6, 7, 14, 15 there are fewer through-and-through open fractures, 2, 6, 10, 14, 16 and the overall mortality rate has decreased. 2, 7, 10 This epidemiologic trend in the changing pattern and presentation of frontal sinus fractures has been observed elsewhere as well. 13 Also, imaging technology has changed our sensitivity to these injuries. Nearly half of our patients had fractures with comminution or displacement; however, we had the benefit of highresolution computed tomography scans with multiplanar reconstructions as compared with reference historical cohorts. Thus, it is likely that we Volume 130, Number 2 • Frontal Sinus Posterior Table Fractures are being more inclusive of comminution or displacement as compared with what would have been seen or diagnosed as noncomminuted or nondisplaced with less refined technology of previous years. 17 Nonetheless, we adhered to a rigid definition of displacement greater than one table width and comminution having multiple bony fragments, as used in previous studies. 11 With these specific definitions in the setting of today's detailed radiographic visualization, we should reconsider the spirit in which the recommendations for cranialization have traditionally been made, namely for very high-energy trauma, with a mixture of penetrating and blunt mechanisms and with extensive open injury and disruption of anatomy. 2, 10 Because the grossly destructive injuries of previous series were comparatively less frequent in our series and in today's experience in general, we feel justified in our clinical decisions for conservative management.
The presence of a cerebrospinal fluid leak has also been used as an indication for cranialization. Natural logic has held that the longer a cerebrospinal fluid leak persists, the greater the risk of intracranial infection. Landmark studies by Rohrich and Hollier 11 and Chen et al. 14 have advocated that, in the absence of other operative indications (i.e., comminuted and displaced posterior table fractures), posterior table fractures without comminution or displacement but with a cerebrospinal fluid leak can be managed conservatively for a short period because many cerebrospinal fluid leaks will spontaneously resolve. 18 The short period of observation is generally defined as approximately 7 days. Numerous historic studies have contributed to the propagation of this 7-day benchmark, 19 many of which predate the rigors of modern research methodology and some of which even predate the antibiotic era. Perhaps the most well-controlled study on cerebrospinal fluid leaks, however, was conducted on anterior skull base fractures (mostly along the floor of the anterior cranial fossa), which demonstrated higher rates of intracranial infection when cerebrospinal fluid leaks persisted, when displacement was greater than 1 cm, and when the fracture was near the cribriform plate. 20 This area differs anatomically from the posterior table of the frontal sinus per se in that it creates a gravity-dependent area of cerebrospinal fluid leaks that are less likely to spontaneously resolve, thus limiting its application to isolated frontal sinus fractures. Although the data supporting the specific period of observation are not entirely convincing, we agree that the general principle of therapy should be to minimize the duration of cerebrospinal fluid leaks. In our 10-year experience, we did not encounter any intracranial infectious complications in the early period, despite having 11 patients with a cerebrospinal fluid leak lasting a range of 1 to 10 days. Our study does not contribute long-term data to elucidate the risk of late intracranial abscess, meningitis, or encephalitis. Fortunately, although these late complications have been reported, they are rare. The appropriate management of a cerebrospinal fluid leak in the setting of a frontal sinus or basilar skull fracture will likely remain debated as the infectious complications from a cerebrospinal fluid leak are so rare (risk for meningitis is approximately 7 percent with any basilar skull fracture 21 ) that an adequately powered study to determine difference in acute intracranial infectious outcomes would require approximately 800 patients, 21 notwithstanding the challenges with longitudinal research in this patient population. We believe that the 7-day rule for observing cerebrospinal fluid leaks is a useful guide but can be supplanted by the overall clinical picture and judgment of the clinicians.
Mucocele formation is another grave concern, the prevention of which is occasionally offered as a justification for cranialization. 2, 11, 15 It had been thought that sinus mucosa along posterior table fractures may become malpositioned, trapped, or invaginated onto itself, leading to mucocele formation. 2 These concepts are not universally agreed upon, with studies showing no incidence of mucoceles in the setting of posterior table involvement if the nasofrontal outflow tracts are patent and adequately draining. 6, 22 The diminishing role of the posterior table in predicting mucocele formation has been further supported by newer studies by Yavuzer et al., 23 Rohrich and Hollier, 24 Chen et al., 14 and most notably by Rodriguez et al. 7 with, to our knowledge, the largest experience in the literature. In their series of over 850 patients spanning 26 years, the chief determinant of mucocele formation was the status of the nasofrontal outflow tract, not posterior table comminution or displacement. This has further been supported in animal experiments which show that mucoceles do not form in isolated posterior table fractures if the nasofrontal duct is intact. 25, 26 We agree that the patency of the nasofrontal duct, as determined on preoperative imaging or intraoperative examination, 27, 28 should determine the need for obliteration to prevent mucocele formation. 24 Consideration of whether or not cranialization is indicated must include an assessment of the morbidity of the procedure. Early complications Plastic and Reconstructive Surgery • August 2012 of cranialization include persistent cerebrospinal fluid leaks, wound infection, meningitis, and frontal sinusitis, whereas late complications include recurrent cerebrospinal fluid leaks, mucocele or pyomucocele, cerebral abscess, and osteomyelitis. 11, 14 Its success in lowering the risk of intracranial infection has been reported 10, 11 ; however, it has not been determined whether this is any superior to the risk with conservative management. Indeed, one of the most common early complications of cranialization is persistent cerebrospinal fluid leaks, which in one series persisted after cranialization in 29 percent of cases, lasting up to 5 days after surgery and requiring a subsequent lumbar drain in 40 percent of cases.
14 Thus, if the chief indication for cranialization is to address a prolonged cerebrospinal fluid leak, it is undetermined whether the procedure can seal the cerebrospinal fluid leak any more effectively than simply prolonging the period of observation. Furthermore, the success of preemptive cranialization with regard to preventing long-term complications is also unclear, with the most convincing long-term follow-up being limited to 3.5 years.
11
The follow-up is especially notable, as mucocele and infectious complications have been reported decades following the original insult. 19 In summary, we followed a significant number of patients who met the recommended criteria for cranialization (cerebrospinal fluid leaks, comminution, and displacement) yet underwent nonoperative management or surgical intervention that did not address the posterior table of the frontal sinus. All patients with cerebrospinal fluid leaks had resolution within 10 days, did not develop intracranial infections, and did not require cranialization procedures. We are limited in our assessment of late complications in this study due to our limited follow-up, a universal challenge in this patient population. However, late complications arising from frontal sinus injuries, although rare, are usually in the form of mucocele, which is a pathology more likely related to the nasofrontal outflow tract injury rather than the posterior table. Cranialization may have a clearer benefit in open injuries with higher degrees of comminution or displacement, an injury pattern not seen frequently in our cohort. We support the original intention of cranialization: to protect the intracranial compartment from infectious complications in grossly contaminated injuries. In our series, the incidence of open fractures was low-grossly contaminated open injuries may yet benefit from cranialization rather than alternative therapies.
